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Final Report Covering the Period

From Augulst, 1960 through Jul -y l, 964

The ob jective of this Progrmx- during the! period 2 cvered

by htrs report wAs to investigate the genera.l biology of P0ysalia.

It was proposed to concentrate research efforts on two major

aspects of the general problem: first, the secretion of gas

.nt"' the float, and second, the nature and circulation of

the gastrovascular fluid. The results and our conclusions

rvlating to the composition and -ode of formation of rhe gas

within the pneumarophore were described In a repoart to the Office

of Nava.l Research in May 1962, and In the paper by Clark and Lane (l)ý

In this report, attention was directed to the unexpected composition

of the gas, consisting up to 15% of carbon monoxide, Various

attempts were made to sttdy the rate of secretion of the gas

under various conditions.

The organism has been particularly resistant to ill our

attempts to maintain it successfully In culture, hence, any long

tire experimental attack on the problem of gas secretion has

been prevented.

Gas in the float occurs under pressure of only a few millimeters

of water above atmospheric pressure. On rare occasions, Pxsalia

have been observed to valve out gas, permitting the organism to

sink below the surface. Re-inflation of such forms has not been

observed.



The composition of float gas varies considerably from

organism to organism, suggesting that gas secretion is probably

discontinuous in nature and suggesting further that Secreted

gas is rapidly diluted by diffusion of atno3spheric components

Into the float. The composition of floor gases in a series

of anima•e is shown in Table i. These analyses were done with

the Scholender one-half cubic c:a.jUner gas analysts apparatus.

Gas was withdrawn by hypodermic syringe from submerged individuals

to avoid containation with ataospheric air. The syringe barrels

wer well-oiled in advance of analysis, The gas was tranaferred

under positive pressure inEo gas smpnling bottles where it was

maintained under murcury. fluplicate analyses of the same samples

varied less than 5%.

Since suitable methods for maintaining PhvSalia under

laboratory conditions could not be established, we were unable

to investigate the nature of precursor materials involved in

gas secretion in vivo, and all our attempts at an in vitro

cultivazion of gas gland were unsuccessful:- It is apparent

that Physalis and certain other Siphonophores illustrate an

unusual biochemical sequence among animals, Leading to the

secretion of carbon monoxide against significant hydrostatic

pressure, The mechanism of secretion and a detailed biochemical

pathway. for this synthesis remain to be described,

Gastronvascuier fluid

The Individual pelIyps o--F Phyialta arc neronet by a

cottr~n gastrovascular cavity (Fig. 1),* lined througlhout by



$•strodermal epit.heli1s. NTs spae is an extension of the

cavity in ti-% functionall gastrozo~oids? thzough which it compsuni-

ta.es with surrounding sea water, During fvedinq, prey is

Ingested by Lth. gastrozooida aid is partly dlssolved by
exaracellulsr hydrolytic enzyms, The strozooid contains

a ctlaracteristic vaivular structure at its base consisting

of three to five interdigi raein aesogleal plates, covered by

gastrodermis (Fig. 1). The spaces between these plates in

fixed material -averages atbout 500. Particulate material larger

than S0s is probably retained in. the gastrozooid. Smaller

paracles my be flushed through this "filter" into the general

gestrovascular cavit-y where they ire ingested by phagocytic

gastrodermal cells. Terminal stages of digestion are thus

completed intracellulirly.

n0 the living animal the longer fishing tentacles display

a continuous cycle of alternating contraction and relaxation.

Each ten:acle is hollow throughout its length. The cavity

cormunicating with the genercl gastrovascular cavity is filled

with gastrovascular fluid. As one tentacle contracts, gastro-

vascular fluid is forced frtm it into the central reservoir and

thence into other tentacles. Extension of the tentacle is

thus accomplished largely by hydraulic means, In this way, a

primitive kind of circulation is established by which gastro-

vascular fluid is pumped from tentacle to tentacle an4 through

the connecting gastrovascular spaces of the entire organism.



Since gastrovascular fluid p-rvades the entire antinl

it bece om ; -c.. conn._•derabt.e •nterest to us to detcrmnfne

st composition, G oatrovacul-r fuiid may be fxt r a'tted froal

X hyzaal by ti. nerting a micropipette h•to the l-*r- of a

fttýintg tntacle, Ilis is an op-eration of considerable

dalicacy, since tte_ die-t.e o this space rarely exceeds

5W at: the base of the float, M major reservoir, _however,

neparacea thm tissue components of te_ float and provides

access to nailltlsster quantities of gastro*vasc5ular fluid.

Collected gastrovascular fluaid was quickly frozen on solid

carIon dioxide and stored at -V C in se-aled containers until

it could be analyzed. Na, K, Ca, ond Mg were dietermined by

flave phiototry. Osmotic detetmination were done cryovcopically

on samples of about 10 MI. Chromatographic analyses of gastro-

vascular fluid included ascending one-diatnan, separations

on paper and nmiro acid separations on coltann of ion exchange

resini, A microaKjeldahl nethod was employed for total nitrogen.

Horizontal electrophoresis was conducted in acry lamide gnt in

0.1 M ph*sphalte buffer at pH 6-8 for 105 minutes at 350 V and

120 mA. The proximate composition of Piwaksi gastrovasctlar

fluid is shown in Table Ii, free amino acid composition in Table III

and inorganic covmposition in Table IV.

Representative one-dimensional chrotaatogrsmR of untreated

whole gestrovascular fluid are shown in Fig. 2, and a representative

amino acid spectrum is shown in Fig. 3.



.4h'r. wit V Inch awn Ph sa is asr rav sac ai; I I Ias

Z t a-rt blu iSr• r i.,o. T!bis co tor Is dic!hjarged,. -4 en the

s5&fl eit s 5,*'- c- with,. n itroa en , an,,d retu arns1; on aeareý.r i.',V

This obsevr tion. -ombined witIh Ithe high concentration ot copper

shown in rable IV, uggesrtýd a copper-protein complex, similar

to htmocy nin. Samples of gastrovascular fluid, woere dialyzed

against distilled water and the copper concentrations of the

;Ruons on either side of the dialysis miewbrane were

sepa2ateiv determ~ined. Copper occurred in equal con erntrations

in the two so,,utions. Thus if fa copper-Protein complex does

oc:cur itr ik essily d-isrupted. Certainly no bonding such as is

foeund ia nhocyanin occurs in Phy.slia gastrovascular fluid.

It is on1 lkely chat a respiratory pigment such as hemocyaninf

Plays aly essential r.le in the normat physiology of PIlyslia.

Table IV shows bthe iron conten of gsstrovasculsr fluid to be

considerably higher than in. sea water. When samples of gsstro-

vascular fluid were examined by emission spectrograp y,

exceedingly high roncentrations of boron were obs:rved.

Phar no -F Pfysalia toxin

Our er I er studies (Lane and l-dge Lanet Lane Lt alc

and Lake ) were limited to a determinat.ion of acute toxicity

after intravenous injection of t.oxin solution in mice or other

experimental animals.- The recent ncquisition of a Crass

polygraph has made it possible for the first rimere to dissect

this acsute toxicit. by measuring various physfooicl parameters

in experimental animals. geca-u•se or thi r larger size, we have



employed the laboratory rat as a test animal. Specimens between

200 and 250 grams weight are anesthetized with Nembutal and

i,mobilized on a suitable rack. Electrocardiographic electrodes

are attached to both forelimbs and to the left rear leg. Ten

externdi jugular ve•ir is exposed and toxin administered directly

into this, Various dosages between 65 and 500 mg/kilo have been

administered to a series of 27 rats. The general result of such

injection is a functional disruption of the conducting system of

the heart occurring within 3-5 seconds of completion of the

injection, leading first to a functional separation of the atrium

and ventricle, suppression of the P wave, various rapidly transient

anomalies in the Wg complex, cnd terminal ventricular fibrillation

(Fig. 4). This observation on the rats suggests a possible

explanation for the single human fatality that we have so far been

able to authenticate following a Physalia episode in man.

When Physalia toxin in solution is permitted to stand at

room temperature, it loses 75% of its initial biological

activity within 6 hours. This suggests that our crude toxin

prepar.ation may also contain an enzyme system which destroys

it under proper conditions of temperature and dilution.

Our present studies seek to test this hypothesis. When

crude lyophilized toxin is treated with dinitrofluorobenzene

and the resulting product is chromatographed on paper, a

single aino terminal mmino acid is detected. This terminal

amino group in what must be a straight chain peptide is arginine.

-6-



Future studies will. include the enuaeration end identification

of terminal amino groups in toxin after inactivation In solution

at room temperature, to establish whether additional amino

terminal groups are uncovered. The effects of various enzyme

inhibitors will also be investigated.
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TABLE I

COMPOSITION OF FLOAT GAS OF PHYSALIA

SM(PLX• 7A 0- % IO 7N

1 16.976 6.074 76.950

2 16.808 5,412 77.780

3 17.563 2.620 79.817

4 16.277 2.660 81.063

5 18.749 1,285 79.967

6 17,563 2.626 79.966

7 16.277 2.660 79.811

8 19.320 .712 79.968

9 20.775 .211 79.014

10 17.437 3.371 79.192

11 14.723 5.552 79M725

12 20.893 1.246 77.861

AVERAGE 17.78 2.89 79.26



TABLE II

AVRAGE PROXIMATE CMP!.SiTION

OF PHYSALIA GASMrOVASMAR FLUID

WATER 929.6 rM!/%

TOTAL SOLIDS:

Ash 10.76 Mg/il

Protein 28.75

Free Amino Acids 8.75

Unidentified 22.14 70.4



TABLE III

AVERAGE CONCENTRATION OF

AMINO A1IDS IN PHYSALIA

TOXIN CAPSULE CASTRO VA.SCULAR
;Ies/= g =oea/ui FLUeID, Amnles/ml

CYs Trace Trace 0.199

ASP .104 1.033 14.65

THR .049 .876 8.82

SER .072 .491 9.52

GLU .715 1.069 15,22

PRO .189 3.195 1.68

GLY .161 7.445 11.99

ALA .156 5.379 9.91

VAL .070 1.065 4.43

CYST .024 0.752 1.50

MET .016 0.631 2.19

ILEU .056 .719 4,30

LEUT .071 .559 5.65

TYR .031 .199 1.80

PHE .039 .228 3.28

NIH3  0.683 6.191 14.19

LYS .040 .377 5.28

HIS .120 .467 2.07

ARG .027 .154 3.96

HYPp, ---- 2.440 ....



TABLE IV

COMPOSITION OF PHYSALIA GASTPOVASCULAR FLUID

COMPARED WITH SEA WATER -- (ug/lier)

ELMENT SEA WATER GAISTROVASCULAR FLUID

Na 10,561 8,046

K 380 1,287

Ca 400 252

Mg 1,272 568

Sr 13. 39

Si 4.0 465

B 4.6 5.3

Al O.5 34

Ba 0.05 <8.5

Fe 0.02 38

Zn 0.005 <8.5

Cu 0.01 5.3

Mn 0.01 0.71

ho 0.002 -0.85

Ni 0,0005 <1. 77

Ag 0.0003 <0.085

Co 0.0001 <0.85

V 0.0003 <0.85

Cr Prement -1.77

Ti Present 6.2



Fig. 3, Diagrammatic structure of Plysalia showing:
(i) Gastrozooid; (2) Fishing tentacle;
(3) GastrovascLllar cistern; (4) Pnewmatophore.



Fig. 2. nYe-ditendingalT o grar si of sep•rate
untreated gast-rovasculcir flluid Smipimes.
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Fig. 4 The effects of intravenouts injection of

Phvsal.ia toxin into tlhe rat. tx•se level

was I mngkilo; the chart speed was 50 umilsec.;
the injection occurred between the arrows.
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